Pierce's disease of grapevine and almond leaf scorch disease are both caused by the bacterial pathogen Xylella fastidiosa Wells et al. In the Central Valley of California, Draeculacephala minerva Ball (Hemiptera: Cicadellidae) is the most common vector of X. fastidiosa. As alfalfa fields and pastures are considered source habitats for D. minerva, it is recommended that almond orchards and vineyards should be distanced from alfalfa and pastures. Here, risk of alfalfa and pastures serving as sources of D. minerva was compared to the potential benefit of alfalfa and pastures serving as sources of generalist natural enemies belonging to the families Chrysopidae and Coccinellidae. Populations of D. minerva were greatest in pastures, whereas chrysopids were least abundant in pastures, and coccinellids were only moderately more abundant in pastures than in vineyards or almond orchards. Accordingly, risk of pastures serving as a source of D. minerva was not offset by any potential benefit of pastures serving as a source of chrysopids or coccinellids. Abundance of D. minerva in alfalfa was low, whereas abundance of chrysopids and coccinellids in alfalfa was high. Thus, well-maintained alfalfa fields were a minor source of D. minerva that may contribute chrysopids and coccinellids to surrounding habitats. Spissistilus festinus (Say) (Hemiptera: Membracidae), a recently identified vector of grapevine red blotch virus, was abundant in alfalfa fields and was observed in vineyards. Thus, a full evaluation of the risk of planting vineyards near alfalfa may require considering risk associated with movement of S. festinus.
Pest or natural enemy abundance in any specific location is partly affected by the composition of the surrounding agroecosystem (Bianchi et al. 2006 , Veres et al. 2013 ). For example, many insects that transmit economically important plant pathogens obtain high density in uncultivated or alternative crops outside the affected crop Frazier 1985, Grilli and Gorla 1997) . Accordingly, proximity to a vector source habitat is likely to increase vector abundance within the crop, which may result in increased levels of disease (e.g., Perring et al. 2001) . Similarly, natural enemy abundance within agroecosystems is often greater in landscapes that include natural habitats (Chaplin-Kramer et al. 2011) . One of the challenges associated with identifying landscape features that improve pest or disease control is that different species of pests or beneficial insects within a cropping system may respond differently to changes in landscape composition. Thus, it is possible that an attribute of the landscape that decreases abundance of one species could increase abundance of another. As a result, decisions regarding manipulation of the agroecosystem should consider effects on a range of economically important insects within the cropping system of interest.
Xylella fastidiosa is an insect-transmitted bacterial pathogen that inhabits the xylem of a wide range of plant species (Hopkins 1989 ).
In California, X. fastidiosa is the causal agent of two economically important diseases of perennial crops: Pierce's disease of grapevine and almond leaf scorch disease (Almeida and Purcell 2003) . Not all strains of X. fastidiosa cause both diseases. Pierce's disease is caused by subspecies fastidiosa, whereas almond leaf scorch disease is caused by subspecies fastidiosa and subspecies multiplex (Nunney et al. 2013) . The Central Valley is the only region of California in which grapevine and almonds are commercially cultivated . While the invasive glassy-winged sharpshooter (Homalodisca vitripennis Germar [Hemiptera: Cicadellidae]) has been responsible for dramatic outbreaks of Pierce's disease in California (Perring et al. 2001) , the range of the glassy-winged sharpshooter in the Central Valley is largely limited to portions of Kern and Tulare counties (Sisterson et al. 2008) . By comparison, the native grass sharpshooter (Draeculacephala minerva Ball [Hemiptera: Cicadellidae]) is more widely distributed throughout the Central Valley of California (Purcell and Frazier 1985 , Daane et al. 2011 .
In areas where D. minerva is the most abundant vector, many aspects of the epidemiology of Pierce's disease and almond leaf scorch disease are well described. As D. minerva prefers grasses over almond or grapevine, abundance of D. minerva in vineyards and almond orchards is usually low with movement of D. minerva into vineyards and almond orchards considered transient (Purcell and Frazier 1985) . In agreement, spread of X. fastidiosa in almond orchards appears to be solely due to movement of inoculative vectors into almond orchards with little-to-no tree-to-tree spread (Sisterson et al. 2012) . Extensive trapping has established that weedy alfalfa fields and irrigated pastures often harbor populations of D. minerva (Purcell and Frazier 1985 , Daane et al. 2011 ). Freitag and Frazier (1954) demonstrated that D. minerva collected from alfalfa fields and pastures were capable of transmitting the agent responsible for Pierce's disease. More recent studies have documented that D. minerva collected from pastures tested positive for X. fastidiosa using polymerase chain reaction methodology (Daane et al. 2011 ) and that X. fastidiosa is present in alfalfa fields and pastures at low levels , Krugner et al. 2012 . As alfalfa fields and pastures are known to harbor D. minerva, it is recommended that growers distance vineyards and almond orchards from alfalfa fields and pastures to reduce risk of D. minerva moving into vineyards or almond orchards (Purcell and Frazier 1985 , Daane et al. 2011 . Similarly, eliminating grasses along orchard edges that may harbor D. minerva may also be beneficial (Shapland et al. 2006 , Krugner et al. 2012 .
Given that alfalfa fields and pastures often harbor D. minerva populations, the recommendation to distance vineyards and almond orchards from alfalfa fields or pastures seems reasonable. However, this recommendation is taken solely from a perspective of considering risk of Pierce's disease or almond leaf scorch disease. To be objective, the risk of alfalfa or pastures serving as a source of vectors and/or inocula must be balanced against any potential benefit of cultivating almonds or grapevine in proximity to an alfalfa field or pasture. Pastures are not typically treated with insecticides and therefore represent a seminatural habitat that may harbor natural enemies (Bianchi et al. 2006) . Likewise, alfalfa fields are known to harbor large numbers of generalist predators (Summers 1998 , Elliott et al. 2002 . Accordingly, alfalfa fields and pastures may serve as sources of generalist natural enemies that could recolonize vineyards and almond orchards after application of broad-spectrum insecticides.
Here, the potential for alfalfa fields and pastures to serve as a source of D. minerva and as a source of generalist natural enemies was evaluated. For generalist natural enemies, populations of lacewings (Neuroptera: Chrysopidae) and ladybugs (Coleoptera: Coccinellidae) were monitored. In addition, populations of threecornered alfalfa hopper (Spissistilus festinus (Say) [Hemiptera: Membracidae]) were also monitored. Recently, S. festinus was identified as a vector of grapevine red blotch virus (GRBV) which causes grapevine red blotch disease (GRBD) (Bahder et al. 2016) . As GRBD was only recently described (Krenz et al. 2014) , information on the epidemiology of GRBD in the Central Valley of California is limited to nonexistent. As GRBD appears to be widely distributed throughout the United States (Krenz et al. 2014) , knowledge of the movement patterns of S. festinus between alfalfa fields and vineyards may be useful in the future for evaluating risk of planting vineyards in proximity to alfalfa fields. Goals of the research reported here were practical and conceptual. On the practical side, field data on the abundance of two groups of generalist natural enemies and two insect pests across four habitats was reported. On the conceptual side, results serve to illustrate that conclusions about benefits or risk associated with a component of the agroecosystem may vary depending on which pest or beneficial insect is being considered.
Material and Methods

Field Sites
Sampling was conducted at vineyards, almond orchards, alfalfa fields, and pastures at six locations (locations A-F, Table 1 ). In 2012, four vineyards, three almond orchards, three alfalfa fields, and four pastures were sampled. In 2013, four vineyards, four almond orchards, two alfalfa fields, and four pastures were sampled. The number of alfalfa fields sampled in 2013 declined as one of the fields was removed from production in the middle of the 2013 season. Similarly, in some locations different fields were sampled each year as the field used in the first year was removed from production. At each location, preference was given to selecting vineyards or almond orchards that were near pastures or alfalfa fields. Alfalfa fields and pastures were within 0.5 km of almond orchards or vineyards with two exceptions. The almond orchard at Location B was within 0.5 km of a pasture; however, the alfalfa field at Location B was 3.5 km from the almond orchard. The vineyard at location C was <0.5 km from a pasture in 2012. However, the pasture was replaced with citrus in early 2013. An alternative pasture was selected for sampling in 2013 that was 1.3 km from the vineyard at location C. Field sites were in Fresno and Tulare Counties, CA (United States).
Sampling
Two sampling methods were used: yellow sticky traps and sweep netting. Sticky traps (14 × 22.9 cm; Seabright Laboratories, Emeryville, CA) were placed around the perimeter of vineyards and almond orchards at canopy height. The number of traps placed around vineyards and almond orchards varied with field size and ranged from 16 to 29 traps. In alfalfa fields and pastures, 4 to 12 yellow sticky traps were placed just above canopy height along one transect of the margin of the field. Traps were placed along field perimeters for two reasons. First, traps placed along field perimeters quantify movement into or out of the crop of interest. Second, for some of the crops studied it was impractical to place traps within the crop. For example, several of the pastures used in this study had livestock actively grazing in the fields, which can disturb sticky traps. Likewise, several of the crops require machinery to drive through the fields which can dislodge traps. This is particularly problematic in alfalfa which is cut multiple times per year. Trapping was initiated in January of 2012 and traps were replaced every 2 wk until the study was completed in December of 2013. In total, ~9,125 traps were used during the course of the study. The number of adult D. minerva, adult S. festinus, adult chrysopids, and adult coccinellids on each trap was recorded. Counts of Chrysopidae included species in the genera Chrysoperla and Chrysopa. Counts of Coccinellidae on sticky traps were limited to easily recognizable genera including Hippodamia and Coccinella. To quantify abundance inside fields, sweep and beat samples were collected using a 40 cm diameter sweep net. Sweep and beat samples were collected monthly (i.e., every other time sticky traps were collected). At all sites, sweeps of ground cover were collected. At alfalfa fields and permanent pastures, 2 to 3 sweep samples were taken on each collection date, whereas 6 to 8 sweeps of ground cover were collected at vineyard and almond sites. To collect sweeps, the sampler would start inside the field near one of the sticky traps and then walk into the field completing 25 sweeps of the ground cover. Arthropods captured in nets via sweep sampling were emptied into plastic bags and returned to the laboratory. At alfalfa and pasture sites, ground sweeps sampled crop foliage. In contrast, ground sweeps at vineyards and almond orchards collected insects from ground cover present in vineyards or orchards. Sweeps of ground cover were not collected if ground cover was too short to sweep or absent. For example, ground cover in vineyards and almond orchards varied with season and may be absent after application of herbicides. For analysis, samples that were not collected due to absence of ground cover were assigned a value of zero as the insects that were the focus of this study are unlikely to inhabit bare earth. In contrast, samples that were not collected as ground cover was too short, were treated as missing values as quantity of insects in the ground cover could not be assessed. Sweep samples were not collected from the pasture at Location D in 2013 due to presence of an aggressive male Bos taurus (Artiodactyla: Bovidae).
To directly sample grapevine and almond foliage, beat samples were collected. Beat samples were collected by placing the net beneath the canopy and beating the foliage with a stick causing arthropods to fall into the net. The sampler would walk forward while collecting beat samples, conducting a total of 10 beats per sampling event. At vineyard and almond sites, 6 to 8 beat samples were taken on each collection date. All insects and debris captured during beat sampling were placed into sealable plastic bags and returned to the laboratory, with one exception. During periods when grapevines and almond trees were dormant, the sampler would collect beat samples and investigate the content of the net, bagging the sample only if the focal insects were observed.
In total, >1,500 sweep/beat samples were collected during the course of the study. The number of D. minerva, S. festinus, Chrysopidae, and Coccinellidae in each sample were counted. Adult Chrysopidae and Coccinellidae were keyed to genus and if possible species. Sweep and beat samples collected adult and juvenile insects and the proportion of insects that were juveniles was determined on each sampling event. Finally, as predator abundance in any given habitat is likely to be a function of prey abundance (Schellhorn and Andow 2005, Smith et al. 2015) , the number of aphids (Hemiptera: Aphididae) in each sweep or beat sample was also determined.
Data Analysis
Throughout, alfalfa fields and pastures will be collectively referred to as "source habitats", and almond orchards and vineyards will be collectively referred to as "crop habitats". If more than 1 year of data was collected from a field, the mean over 2 years was used in analyses to avoid pseudo-replication (Hurlbert 1984) . Sample sizes for analysis were 5, 4, 5, and 4 for vineyards, almond orchards, pastures, and alfalfa fields, respectively. Variances in insect abundance among habitats were almost always significantly different, and distributions were often skewed, violating assumptions of analysis of variance. Accordingly, randomization tests were used to evaluate effects of habitat type on insect abundance (Manly 1997) . To conduct randomization tests, mean abundance of each insect based on each sampling method was determined for each field. Mean abundance of each insect was compared between alfalfa fields and crop habitats (almond orchards and vineyards pooled) and between pastures and crop habitats. To accomplish this, observations from source habitats (alfalfa or pastures) and from crop habitats were ranked. The sum of the ranks for source fields was then determined. Subsequently, 10,000 Monte Carlo simulations were conducted to determine probability of observing that sum of the ranks under the null hypothesis that observations were randomly distributed among habitats. Randomization tests were completed for results from trapping and sweeps of ground cover. Beats of grapevine and almond foliage are not directly comparable to sweeps of ground cover in alfalfa fields and pastures. Thus, beats of grapevine and almond foliage were reported solely to document occurrence (or lack thereof) of each insect on grapevine or almond foliage.
To assess whether proximity of a crop habitat to a source habitat affected abundance of D. minerva, S. festinus, Chrysopidae or Coccinellidae regression analyses were completed. Specifically, for each source (alfalfa field or pasture) and crop (almond or grapevine) habitat pair that was within 0.5 km of one another, insect abundance in the source habitat as determined by trapping or sweep netting was regressed against insect abundance in the crop habitat. In all but one case, each crop field was in proximity to a single-source habitat except at Location A in 2012. In 2012, the vineyard at Location A was within 0.5 km of a pasture and an alfalfa field. Accordingly, the sum of the trap catch or sweep net catch for the pasture and alfalfa field was used as the source effect was expected to be additive. In addition, the almond orchard and vineyard at Location D were <0.5 km from the same pasture. As the almond orchard and vineyard at Location D were in proximity to the same pasture, observations of the potential source effect of the pasture were not independent. To avoid pseudo-replication, trap and sweep catches were averaged across the almond orchard and vineyard at location D. Finally, to explain patterns of predator abundance in each habitat the relationship of predator abundance to aphid abundance was evaluated across habitats using linear regression.
Results
D. minerva Was Most Abundant in Pastures
Abundance of D. minerva was greater in pastures than in crop habitats (almond orchards and vineyards pooled) based on results from trapping ( Fig. 1A , P = 0.0006) and sweeps of ground cover ( Fig. 1A , P = 0.075) and sweeps of ground cover (Table 2 , P = 0.41). D. minerva were not observed in beats of grapevine or almond foliage (Table 2) .
S. festinus Was More Abundant in Alfalfa Fields and Pastures Than in Almond Orchards and Vineyards
Abundance of S. festinus was greater in alfalfa fields than in crop habitats based on results of trapping (Fig. 1B , P = 0.002) and sweeps of ground cover (Table 2 , P = 0.002). Likewise, S. festinus was more abundant in pastures than in crop habitats based on results of trapping (Fig. 1B , P = 0.001) and sweeps of ground cover (Table 2 , P = 0.0006). S. festinus were collected in beats of almond and grapevine foliage (Table 2) , with greater abundance in beats of grapevine than almond foliage (P = 0.008).
Chrysopids and Coccinellids Were Numerically Most Abundant in Alfalfa Fields
Chrysopids were numerically more abundant on traps located in alfalfa fields than on traps located in almond orchard and vineyards, but the difference was not significant (Fig. 1C , P = 0.13). However, Fig. 1 . Mean ± SE number of D. minerva (A), S. festinus (B), Chrysopidae (C), and Coccinellidae (D) caught per trap per day. Randomization tests were used to identify significant differences between abundance in alfalfa fields compared to crop habitats (almond orchards and vineyards pooled) and between pastures and crop habitats. Uppercase letters indicate significant differences between alfalfa fields and crop habitats (almond orchards and vineyards pooled). Lowercase letters indicate significant differences between pastures and crop habitats.
chrysopids were significantly more abundant in ground sweeps from alfalfa fields than in ground sweeps from almond orchards and vineyards (Table 2 ; P = 0.002). Chrysopids were significantly less abundant on traps located in permanent pastures compared to traps located in almond orchards and vineyards ( Fig. 1C , P = 0.004) but were observed in similar abundance in ground sweeps collected from pastures, almond orchards, and vineyards (Table 2 ; P = 0.90). Chrysopids were collected in beats of almond and grapevine foliage (Table 2) , with numerically greater abundance in beats of grapevine foliage than in beats of almond foliage (P = 0.06). Across all habitats, Abundance was compared between alfalfa fields and crop fields (almond and grape pooled) and between pastures and crop fields using randomization tests. Uppercase letters indicate significant differences between alfalfa fields and crop fields. Lowercase letters indicate significant difference between pastures and crop fields.
b
Beats of vineyard and almond foliage were compared using randomization tests. 80% of adult Chrysopidae collected were in the genus Chrysoperla, and 18% were in the genus Chrysopa.
Coccinellids were more abundant in alfalfa fields than in crop habitats based on results from trapping ( Fig. 1D , P = 0.002) and sweeps of ground cover (Table 2 , P = 0.002). Coccinellid abundance also was greater on traps located along the borders of pastures compared to traps located along the border of almond orchards and vineyards ( Fig. 1D , P = 0.006). However, coccinellid abundance was not greater in ground sweeps collected in pastures compared to ground sweeps collected in almond orchards and vineyards (Table 2 , P = 0.12). Coccinellids were collected in beats of almond and grapevine foliage (Table 2) , with greater abundance in beats of grapevine foliage than in beats of almond foliage (P = 0.008).
Across all habitats, 69% of adult coccinellids in sweep samples were identified as Hippodamia convergens Guérin-Méneville. In alfalfa fields, pastures, vineyards, and almond orchards H. convergens represented 83, 59, 45, and 82% of adult coccinellids collected in sweep/beat samples, respectively. Coccinellids in the genera Hyperaspis represented 13% of all adults collected in sweep/beat samples across habitats. Specifically, 26, 3, 5, and 22% of adults collected from vineyards, almond orchards, alfalfa fields, and pastures belonged to the genus Hyperaspis. Members of the genus Scymnus represented 7% of adult coccinellids observed in beat/sweep samples across habitats. Adults in the genus Scymnus were observed in vineyards (10%), alfalfa fields (7%), and pastures (10%), but not in almond orchards (0%). Across all habitats, less commonly observed coccinellids included members of the genera Coccinella (4%), Harmonia (2%), and Olia (<1%). Finally, 16% of adult coccinellids collected from vineyards were identified as Psyllobora vigintimaculata. Observation of P. vigintimaculata in vineyards is noteworthy as this species is mycophagous, feeding on the conidia and hyphae of fungi that cause powdery mildew (Sutherland and Parrella 2009 (Fig. 2B) . In alfalfa fields, vineyards, and almond orchards, trap catches on perimeters of fields were zero on nearly every collection date, except on dates coinciding with peak trap catches in pastures (Fig. 2) .
Abundance of S. festinus was greatest in alfalfa fields followed by pastures (Fig. 3A, B) . Abundance of S. festinus adults on sticky traps was low in alfalfa fields and pastures throughout most of the year and peaked between August and October, with higher abundance in 2012 than in 2013 ( Fig. 3A and B) . Timing of peak trap catches was consistent with the results of Wistrom et al. (2010) that sampled a variety of agricultural habitats to quantify S. festinus abundance. Peaks in trap catches in vineyards, and almond orchards generally coincided with peak trap catches in alfalfa fields and pastures (Fig. 3) . Timing of S. festinus presence in vineyards being associated with high abundance in neighboring alfalfa fields was further evidenced by observation that 14 of 24 S. festinus collected in beat samples of grapevine foliage were collected from a single vineyard in October that was in direct proximity to an alfalfa field (Table 1 ; Location E) where 50 S. festinus were collected per 25 ground sweeps in October.
Timing of Trap Catches of Coccinellids and Chrysopids in Vineyards and Almond Orchards Did Not Appear to Be Related to Abundance in Pastures or Alfalfa Fields
Seasonal abundance of chrysopids in alfalfa fields, pastures, vineyards, and almond orchards did not have a clear seasonal pattern and was variable among sites (Fig. 4) . Trap catches of coccinellids were greatest in spring and lowest during summer in all sampled habitats (Fig. 5) . Patterns of adult coccinellid abundance were consistent with the known biology of the most common coccinellid, H. convergens. Specifically, H. convergens is known to disperse to mountain sites from May through June and return to the valley floor in February and March (Hagen 1962) .
D. minerva and S. festinus Nymphs Were Only Observed in Pastures and Alfalfa Fields
Nymphs of D. minerva were observed in sweep samples collected from pastures and alfalfa fields, but not in sweep or beat samples collected from vineyards or almond orchards ( Table 2) . Absence of D. minerva nymphs from vineyards and almond orchards suggests that reproduction in vineyards and almond orchards is rare. Nymphs of S. festinus were observed in sweeps of alfalfa fields and pastures, but not in beats or sweeps of vineyards and almond orchards ( Table 2 ). The number of S. festinus nymphs collected in alfalfa fields and pastures was low, with nymphs representing only 1% of S. festinus collected in alfalfa fields and 2% of S. festinus collected from pastures. Low abundance of S. festinus nymphs in sweep samples may be explained by the observation that nymphs often feed at the base of plants where they are unlikely to be collected by sweep net. As sweep netting collected few S. festinus nymphs, the data presented here cannot be used to assess the extent of reproduction of S. festinus in each habitat.
Coccinellid and Chrysopid Larvae Were Observed in all Habitats
Chrysopid and coccinellid larvae were collected from all four sampled habitats (Table 2) . Thus, all four habitats appear to support coccinellid and chrysopid reproduction.
Abundance of D. minerva and S. festinus in Vineyards and Almond Orchards Was Related to Abundance in Source Habitats
Abundance of D. minerva in crop habitats was positively related to abundance in source habitats within 0.5 km of the crop habitat based on results of trapping (Fig. 6A, F = 12 .9, df = 1, 5, P = 0.02, r 2 = 0.72) and sweep netting (Fig. 6C, F = 17 .0, df = 1, 5, P = 0.01, r 2 = 0.77). Few D. minerva were collected in vineyards and almond orchards in proximity to alfalfa fields or pastures with low D. minerva abundance. However, the highest abundance of D. minerva observed in a crop habitat was observed at the vineyard site within 0.5 km of a pasture with the greatest abundance of D. minerva. Abundance of S. festinus in crop habitats was positively related to abundance in neighboring source habitats based on results of trapping (Fig. 6B , F = 32.12, df = 1, 5, P = 0.002, r 2 = 0.87), but not based on results of sweep netting (Fig. 6D, F = 3 .1, df = 1, 5; P = 0.14, r 2 = 0.40).
Abundance of Chrysopids and Coccinellids in Vineyards and Almond Orchards Was Not Related to Abundance in Source Habitats, But Was Related to Aphid Abundance
Abundance of chrysopids on traps and in sweep samples was not related to chrysopid abundance in source habitats that were within 0.5 km (Traps: F = 0.04, df = 1, 5, P = 0.85; sweeps: F = 0.05, df = 1, 5, P = 0.83). Likewise, coccinellid abundance in crop habitats was not related to coccinellid abundance in source habitats that were within 0.5 km (Traps: F = 0.001, df = 1, 5, P = 0.97; sweeps: F = 0.003, df = 1, 5, P = 0.96). While abundance of chrysopids and coccinellids was not related to abundance in source habitats, chrysopid and coccinellid abundance was positively associated with aphid abundance ( Fig. 7A and B ; lacewings: F = 74.7, df = 1, 15, P < 0.0001, r 2 = 0.83; ladybugs: F = 57.5, df = 1, 15, P < 0.0001, r 2 = 0.79). 
Discussion
Agroecosystem composition is recognized to affect abundance and movement of pest and beneficial insects (Bianchi et al. 2006 , Gurr et al. 2017 . Sisterson et al. (2010) evaluated the potential for alfalfa fields to serve as a source of D. minerva and X. fastidiosa, but did not consider additional risks associated with alfalfa fields or possible benefits associated with cultivating grapevines or almonds near alfalfa fields. Here, risk of alfalfa fields and pastures serving as sources of D. minerva was contrasted to the potential benefit of alfalfa fields and pastures servings as sources of generalist natural enemies. Collectively, the results suggest that the risk or benefit of planting an almond orchard or a vineyard in proximity to an alfalfa field or pasture depends on the source habitat (alfalfa field or pasture), crop (almond or grapevine) and which insects are being considered. Sampling results for D. minerva were consistent with expectations. Specifically, D. minerva abundance was greatest in pastures (Fig. 1A, Table 2 ; Purcell and Frazier 1985 , Daane et al. 2011 . While D. minerva are historically associated with alfalfa fields (Hewitt et al. 1946, Freitag and Frazier 1954) , abundance of D. minerva in alfalfa fields was low (Fig. 1A, Table 2 ). As D. minerva prefers grasses over alfalfa, abundance of D. minerva in alfalfa fields increases as stands decline and are infiltrated by weedy grasses (Hewitt et al. 1949) . For example, Sisterson et al. (2010) found that D. minerva abundance on sticky traps in alfalfa fields were related to weed abundance surrounding the trap. Similarly, Purcell and Frazier (1985) and Krugner et al. (2012) both reported greater D. minerva abundance in weedy alfalfa fields compared to weed-free alfalfa fields. Thus, well-maintained stands of alfalfa are unlikely to serve as a significant source of D. minerva. In contrast, pastures and poorly maintained alfalfa fields are likely to serve as a source of D. minerva (Figs. 1A, 6A and C, Table 2 ).
Abundance of S. festinus in alfalfa fields was high and somewhat high in pastures (Fig. 1B, Table 2 ). Trap catches of S. festinus on the perimeter of vineyards coincided with periods of peak abundance in alfalfa fields and pastures (Fig. 3) . Likewise, abundance of S. festinus in vineyards was related to abundance in neighboring source habitats based on results of trapping (Fig. 6B) . However, abundance of S. festinus in crop habitats was not related to abundance in source habitats based on results of sweep/beat sampling (Fig. 6D) . The discrepancy between results from trapping versus sweep/beat netting suggests that factors inside vineyards or almond orchards may effect survival and retention of S. festinus. Chysopid and coccinellid abundance was consistently high in alfalfa fields (Fig. 1, Table 2 ). High abundance in alfalfa fields suggests the potential for alfalfa fields to serve as a source of chrysopids and coccinellids that could recolonize almond orchards and vineyards after treatment with broad-spectrum insecticides. Abundance of chrysopids and coccinellids in vineyards and almond orchards was not related to abundance in source habitats. However, as chrysopids and coccinellids reproduced in all sampled habitats (Table 2) , factors affecting chrysopid and coccinellid population growth within a field are likely to have a greater effect on coccinellid and chrysopid abundance than proximity to a source habitat. Similar to other studies (Schellhorn and Andow 2005, Smith et al. 2015) , chrysopid and coccinellid abundance were related to aphid abundance in each of the habits (Fig. 7) . Thus, if prey abundance is low in a vineyard or almond orchard, chrysopids and coccinellids are unlikely to remain and reproduce. Low aphid abundance may also explain low abundance of chrysopids and coccinellids in pastures (Fig. 7) .
As stated above, chrysopid and coccinellid abundance were associated with aphid abundance (Fig. 7) . In vineyards, aphids are a minor pest (Flaherty et al. 1992 ) and aphids are not mentioned in pest management guides for almond in California (Zalom et al. 2017 Flaherty et al. 1992 , Daane et al. 1996 Zalom et al. 2017) . While chrysopids consume a wide range of prey, their presence alone may be insufficient to suppress populations below economic injury levels. For example, Daane et al. (1996) found that inundative releases of chrysopids reduced abundance of grape leafhopper and variegated leafhopper, but that the degree of suppression was insufficient to bring population levels below the economic injury level.
The most commonly observed coccinellid in sweep/beat samples was H. convergens; a species commonly associated with predation of aphids (Giorgi et al. 2009 ). Despite H. convergens typical association with predation of aphids, H. convergens will consume alternative prey when aphids are limiting (Ouayogode and Davis 1981, Evans 2009 ). For example, H. convergens is reported to consume grape leafhopper, variegated leafhopper, and mealybugs in vineyards (Flaherty et al. 1992 , Daane et al. 2008 . However, as indicated by Daane et al. (2008) no studies have been completed to determine the impact of H. convergens on mealybug populations in California vineyards. Thus, additional studies are needed to determine what (if any) benefit may be provided by presence of H. convergens in vineyards and almond orchards.
The results suggest that cultivating almonds or grapevine in proximity to well-maintained alfalfa fields is likely to pose little risk with regards to diseases caused by X. fastidiosa, and that proximity to alfalfa may benefit growers by providing a source of generalist natural enemies. Abundance of D. minerva was low in alfalfa fields (Fig. 1A, Table 2 ), whereas chrysopids and coccinellids were abundant in alfalfa fields (Fig. 1C and D, Table 2 ). While abundance of D. minerva was low in the alfalfa fields monitored in this study (Fig. 1A, Table 2 ), it is important to recognize that D. minerva abundance may increase as stand quality declines Frazier 1985, Krugner et al. 2012) . Likewise, additional studies are needed to quantify the potential benefit of generalist natural enemies in vineyards and almond orchards. For vineyards, proximity to alfalfa fields may increase S. festinus abundance (Fig. 6B) . Given that S. festinus was only recently identified as a vector of GRBV (Bahder et al. 2016) and that information on the epidemiology of GRBD in the Central Valley of California is limited, drawing conclusions regarding the risk posed by increased S. festinus abundance is not possible. Nonetheless, if S. festinus abundance is shown to be a risk factor, results presented here will aid in establishing the risk posed by planting vineyards near alfalfa fields.
Cultivating almonds or grapevines in proximity to pastures is likely to increase risk of D. minerva moving into vineyards or almond orchards ( Fig. 6A and C) and, in turn, increase risk of Pierce's disease and almond leaf scorch disease. Specifically, D. minerva was abundant in pastures (Fig. 1A, Table 2 ). In contrast, chrysopids were least abundant in pastures ( Fig 1C, Table 2 ) and coccinellids were only marginally more abundant in pastures than in almond orchards or vineyards (Fig. 1D, Table 2 ). Thus, risk of increased abundance of D. minerva is unlikely to be offset by increased abundance of generalist natural enemies originating from pastures. Abundance of D. minerva in pastures was variable, with some pastures harboring low numbers of D. minerva and others high numbers. Thus, as suggested by Daane et al. (2011) , abundance of D. minerva in pastures could be evaluated by sweep netting to assess risk.
Results suggest that the risk or benefit of planting vineyards or almond orchards in proximity to alfalfa fields or pastures depends on which insects are being considered. Here, analyses were limited to two pest insects and two groups of generalist natural enemies. It is possible that there are additional pest or beneficial insects common among the studied crops that should be assessed in such an evaluation. Accordingly, an ideal approach would be to evaluate the entire arthropod community present in alfalfa fields and pastures to quantify the full range of pest and beneficial insects.
